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THE EVOLUTION OF LIFE OR NATURAL SELEC-
TION IN INORGANIC MATTER. 
N OT once nor twice but many times indeed is it that the great question has been raised What life is and 
how it has arisen. Seldom before has it been so much 
before the minds of men. This strange power that per-
vades certain forms of matter; animates, moves, grows, 
reproduces itself and dies; this ever changing, never end-
ing cycle of events; the phenomenon we call life. What 
is it? Not one of us can say. If we give a hint that we 
have tried to solve the problem, people think that we mean 
we have also accomplished its solution. 
But the great problem, though presented in a new 
light, still leaves us where we were: asking indeed once 
more; whence have we all come and whither are we all 
going? It is the question of all questions which ever pre-
sent themselves to thinking minds. To Carlyle indeed, it 
was the one great question of his life, ever present to 
him, as really and as intensely as the Divine presence was 
to such a man as Newman. This faculty of perception is 
regarded as the striking feature that elevates the leaders 
of men at all times and in all places, to the plane of some-
thing higher than the common level. Commonplace folk 
feel it dimly but seldom attain to it. Now not even com-
monplace men, but men of science generally, think little of 
it. They merely look at phenomena and move straight on. 
It does not concern the majority; nor even the majority of 
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the minority, who may devote tnemselves to intellectual 
pursuits. 
Biologists, chemists, physicists, nay even the positive 
philosophers like Comte, refuse to think of it. It is too 
distant, too remote a question to concern us in the affairs 
of every-day life. We may pass through it heedless of 
its meaning; we may move on adjusting ourselves to that 
environment alone which has been laid out for us; ac-
quaint ourselves with every detail in the particular sphere 
or department in which by chance we have been placed; 
and like passengers from Euston to Holyhead, provided 
we are not molested in our own compartment, ask no ques-
tions till we get to the other end. This is the duty of the 
individual: it is clearly also that of a tram horse. Though 
it may add to the efficiency of both it speaks volumes for 
the absence of intelligence in either. The man who ignores 
it may be happy and contented. The man who does not 
may be happy or unhappy as the.case may be, but he is 
never commonplace or dull. He finds in life a real pur-
pose : in his every act a real meaning. Such an one, view 
him as we may, lives on a higher plane, than the man in 
Cornhill or Piccadilly may attain to; he is a philosopher 
and in a truer sense a man. He has an acquaintance with 
the higher meaning of his "sojourn in this strange land," 
and he places himself in the position of one who has much 
to hope for, and may aspire to something better. 
Now this problem of life can be presented in many 
ways. It can be confined within the narrow limits of pure 
science, or it may expand into the great problem of reality 
in which alone its true meaning can be found. It admits 
of no interpretation if we view it from a single point of 
view alone. 
It will be found well to distinguish between the scien-
tific and the philosophic attitudes, and yet at the same time 
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to bear in mind that neither will or can afford a true solu-
tion without the other. 
Let us for the present however put to one side the 
deeper and more difficult question which philosophy pre-
sents ; and let us ask ourselves, what is it that science has 
to tell us ? The most it can do is to show us that there is, 
or has been, a development, gradual or spontaneous, of liv-
ing from apparently not living matter. It can give us in 
the present state of knowledge no clue as to its real nature 
nor as to its real origin. For even if such development 
were established as a fact,—and science does not claim 
that it has been so established, it would only tend to 
strengthen our belief in the process of evolution; and lead 
us to infer that there are vital processes in the apparently 
inert types of inorganic matter. The theory which it has 
been my endeavor for some time past to put forward 
is that there is in this so-called dead, inert, inactive, 
inorganic matter a process not unlike that of natural 
selection or survival of the best adapted types, which in 
the long run find their level in the adjustment or evolution 
of inorganic as well as of organic matter. There are var-
ious types of inorganic matter; call them species of matter 
if we will. The doctrine of the origin of species can apply 
equally to these as the means of sifting out the potential 
types which are best suited to their environment. It is in 
truth the "law of higgledy-piggledy," as Adam Sedgwick, 
the geologist, described the theory of Darwin. 
Living matter, as we know it, is but a species of matter 
which has been sifted out as the fittest to survive. In the 
infinite gradation from the most complex to the most 
simple we may perceive the same process in an ever simpli-
fying degree. The fact of self-reproduction was an acci-
dent, and a happy accident in a particular type. 
As we propose to show, Weismann's determinants, and 
biophores are well within the limits of molecular dimen-
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sions; a circumstance which leads us, apart from other 
considerations, to deduce that the atoms and molecules of 
the chemist and physicist are of the nature of living things. 
In the Origin of Life I have tried to emphasize this idea; 
that atoms and molecules have only a family likeness, so to 
speak, and that they can be said to be the same only in so 
far as their physical and chemical properties are concerned, 
but that as vital units they may differ considerably. 
Indeed the chemist has no more reason to suppose that 
the atoms of oxygen are the same in all respects, than the 
zoologists would have that all horses, all dogs, or all cats 
are the same. The atoms of oxygen are all like each 
other in so far as they have the same physical and chemical 
properties. But they may differ from each other in other 
respects; just as all horses, all dogs or all cats resemble 
each other in certain respects and yet differ in others. 
Biophores are the smallest vital units that the biologist 
has hitherto assumed. They are invisible and, from what 
appears, of molecular dimensions. They are the germ 
plasm in the nucleus of the cell, possessed of a great variety 
of properties but at the most composed of but a small num-
ber of atoms and molecules. 
In order therefore that the great variety of properties 
which they doubtless do possess may be explained, it seems 
necessary to attribute to inorganic matter some of the 
properties which they exhibit. And that by a slow process 
of evolution those which had the vital properties most 
marked, combined to form more complex aggregates, by 
a mere process of natural selection. 
It is curious that this theory has never been put for-
ward, at least to my own knowledge, by any biologist, but it 
seems not unlikely that the reason is, biologists have not 
realized how closely biology and physics have approached; 
or indeed in some respects have already overlapped. 
Molecular physics will doubtless yet become a branch 
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of biology; and these vital properties of atoms will require 
investigation as much as those of grosser objects which 
the eye can see, if only with the most powerful microscopes. 
The limits of visibility have nothing whatsoever to do with 
the limits of vitality; and the fundamental problems of 
biology, like those of physics and chemistry, are necessarily 
relegated to the invisible, but not relegated there because 
beyond the limits of speculation or experiment. "Formi-
dable though the evidence for organic evolution be, and 
finally though the belief in it has been established by the 
work of the past half century, it would be idle to deny that 
there is yet difficulty enough in explaining many of the 
facts of animal and vegetable life."* 
This difficulty is to be met with, I think, not merely 
in explaining so complex an organ as the eye by natural 
selection; but in explaining also how the germ plasm 
from which this complex organ was evolved, could consist 
of only a comparatively small number of molecules. The 
biophores, therefore, are really nothing more than big 
molecules or aggregates of molecules. And I am loth 
to think it idle to ignore that it is in the atoms and mole-
cules of gross matter that we should seek the simpler pro-
cesses of vitality and the potential properties of life. 
Eminent authorities there are, even at the present day, 
who maintain that natural selection in organic evolution 
alone cannot account for the mental and moral qualities of 
man. Nor do I think it really can. The properties of the 
most complex kind should be traced to the potential quali-
ties of inert matter, to the attributes of the atom itself; 
or even to those of which the atom is composed, the elec-
tron. Although this is the smallest that physical science 
has yet reached, there is no reason whatsoever to suppose 
that it is the limit; nay, rather is it most likely that the 
electron in turn is a highly complex structure, forsooth a 
* Organic Evoluton by Dr. C. W. Saleeby. 







THE EVOLUTION OF LIFE. 181 
universe in itself, differing from ours only in its order of 
magnitude. And so on ad infinitum. There indeed lies 
some of the real mystery of the varied attributes of life. 
In that indefinite, innumerable variety of minor combina-
tion, of which atoms in their ultimate nature really admit, 
is to be found, I think, the source and quality of our being. 
There is in matter, I conceive, a power, if we may call 
it so, which under given conditions would enable it to 
spring forth into the activity of life. One atom out of 
millions may possess the property in a sufficiently marked 
degree to give rise in combination with another such atom 
or atoms of other substances, to the attributes of more de-
veloped life, until by some strange admixture out of count-
less failures the life we recognize as life to-day becomes at 
length supreme. 
Students of Leibnitz will bear in mind how admirably 
his theory of monads may be made to fit in with this con-
ception. Leibnitz regarded the atoms as mere points with-
out extension in space; but endowed with the properties of 
mind. Monads differing in the degree or intensity of this 
consiousness: from the consciousness of a man, a dog, a 
fish, a plant, down to that of an atom. Our point is that 
there has been natural selection amongst these monads or 
atoms; and that the more complex forms of consciousness 
have been evolved by this same principle. These monads 
which have not so developed, constitute the vast majority 
of the failures of inorganic matter. 
How is it, one may ask, that we have never seen such 
development take place? How is it, it may be replied, 
that we cannot see the evolution of man from lower forms ? 
The theory of natural selection as applied to this monadol-
ogy is, I believe, the one fittest to survive; to survive not 
alone because of its scientific value, which seems to me to be 
unquestionable, but because also of the way in which it 
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bridges over the gulf between living and apparently dead 
substance, as well as that between matter and mind. 
Let us turn our attention then to this doctrine of 
monads and examine what it means. It is not a theory of 
life-stuff and mind-stuff as ordinarily understood, but of 
natural selection in the elements of that stuff itself. Clif-
ford's theory of mind-stuff that all matter possesses a 
dim elementary type of consciousness, and that all higher 
forms of consciousness are merely complex combinations 
of these; must not be confused with Leibnitz's theory of 
monads, the units of which differ in their degree or in-
tensity of consciousness, from the soul of man down to that 
of an atom. It has an advantage over that of Clifford's, 
because it gives the soul a chance and may account for the 
unifying principle in consciousness, which is the great ob-
jection to the former. Our theory then is that there has 
been evolution amongst these monads by a principle of 
natural selection, and that the human soul is merely an 
atom, a pointless atom if one may put it so, that has caught 
on and is able to regulate a host of others in the organism: 
much as a general can regulate an army or a captain navi-
gate a ship. 
This pointless conscious atom or monad, as it has been 
called, is as much matter as the ordinary atom of oxygen. 
It differs in degree from it as the soul of a Newton or a 
Shakespeare may differ from that of a Kaffir or a fool. 
But still the difference is only a matter of degree. There 
is no essential difference in substance and the two are ulti-
mately of the same kind of being. It is handed on from 
generation to generation as biogen in germ plasm. It is 
here indeed, we find the doctrine of evolution lends a help-
ing hand to the problem of the origin of life and of mind. 
It brings us also within reach of the physical nature of the 
biophores of Weismann and the gametes of Mendel, into 
which the great questions of heredity resolve. 
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It would be well then in considering the evolution of 
monads to clear our minds as to what biophores are and 
what gametes are, and how it can be shown to bear upon 
the theory of monads as we conceive it. What also are 
enantomorphs, biogen and bions? 
We may begin by stating that the cell or unit of life 
recognized as such by the biologist to-day, consists of a 
nucleated mass of protoplasm; that is to say that it is a 
mere protoplasmic substance with a nucleus, and it may 
be added that there is a smaller speck near the nucleus 
called the centrosome, but it does not so much concern our 
present purpose. The centrosome may play a part in 
bringing about the karyokinesis or subdivision of the nu-
cleus. 
The latter consisting as it does of chromotin or stain-
able substance, of the nucleus, is made up of finer struc-
tures called the chromosomes which subdivide. Now Weis-
mann assumes that these are made up of smaller invisible 
particles which he calls determinants, and these in turn 
of still smaller ones called biophores, the real germ plasm 
to which heredity is due. Objection has been taken to 
this assumption, but it seems nevertheless to be well 
founded. It is most likely that there is a series of nuclei 
one within the other, till we get to the molecules, atoms and 
electrons. As it is the nuclei in some cases are just within 
the limits of visibility; the determinants therefore are 
within the dimension of the wavelength of light, whilst the 
biophores approximate to that of molecules; they are there-
fore nothing more than big molecular groups. 
Gametes are supposed to be the units by which accord-
ing to Mendel hereditary qualities are handed down from 
generation to generation. Their presence constitutes in-
deed the principle on which our present theories of heredity 
are chiefly based. 
In the Origin of Life we have regarded these gametes 
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and biophores as the nth or ultimate nuclei and as units of 
the substance biogen. These units are supposed to be like the 
chemical elements, but of a less stable kind, consisting, in 
the astronomical analogue, of spiral nebulae rather than 
solar systems.* The spiral nature of these biological atoms 
is what gives them their optical asymmetry. A point of 
considerable importance because life is never found apart 
from optical activity. These optically active atoms are 
called enantiomorphs. It must be noted however that in 
order that such atomic nebulae should be possible it is 
necessary that the electrons of which the atoms are com-
posed should in their turn be aggregates of smaller things, 
we have ventured to designate them bions. And so on 
ad infinitum, ad infinitum. We must never hope to reach 
the end in one scale of being any more than in the other. As 
Pascal has well said, "our being in space is a gulf between 
two infinities, as it is in time between two eternities." If 
there is nothing good or bad, and we may add true or false, 
neither is there anything great or small, but thinking makes 
it so. Our nature is a middle nature and our knowledge 
of nature merely relative. To dwell upon it is to expand 
our knowledge to two infinities, the infinitely great and 
the infinitely small.f This is merely physics; to go beyond 
it would be metaphysics, and' metaphysics of a transcen-
dental type.J We need go no further then, but rest content 
with that middle nature in which we have been placed. 
To seek the properties of life and matter and of mind and 
soul in that great scale of infinite gradations is legitimate 
indeed; to perceive the harmony of it all is both scientific 
and philosophic. We may ask once more then in this light 
of things, what life is and whence it has come. And 
our answer is that in its ultimate form it most probably 
* See my paper on "Physics and Biology," Knowledge, March and April, 
1907. 
t Knowledge, loc cit. 
t See "Haeckel and Haeckelism," Oxford and Cambridge Review, 1907. 
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always has been and always will be. The monads in their 
ultimate aspect are not necessarily chemical atoms nor even 
electrons, but in the limit the pointless units of which these 
are ultimately composed. The formation of cells in proto-
plasmic substance is the result of some such interaction, 
illustrated for instance by the action of radium and other 
salts on bouillon. These cells are not alive in the familiar 
sense of the word. In fact they do not show more than the 
rudiments of vitality, when the word is used in its more 
extended sense; but they help to illustrate the manner in 
which cellular bodies may be formed from protoplasmic 
substance: whilst given the dead protoplasm—which has not 
yet been synthesized in the laboratory, though there is little 
reason to suppose it will not be—and given also the vital 
units, not radium in this case but the vital substance itself 
biogen, the spontaneous appearance of organic life is con-
ceivable on the lines worked out in the Origin of Life. 
That book has been criticized from many points of view. 
It is not my intention to dwell here upon those varied crit-
icisms, most of which are really answered by anticipation 
in the book itself. Upon some future occasion it may be 
possible for me to enter fully into a discussion of those 
remarks. For the present my object is indeed to show 
the line of argument it was my desire to follow. To show 
on the one hand that metabolism is everywhere present; 
and on the other that it can be controlled by certain types of 
inorganic bodies; but most of all by the vital units which 
form the basis of all life. 
Professor Windle, amongst others, objects that we are 
merely explaining one phenomenon by another, by some-
thing not less easy to comprehend. It may or may not be 
less easy, but it is at any rate a phenomenon of a simpler 
kind. And all science can ever hope to do is to reduce the 
complex to the simpler. The recognition of this ever sim-
plifying scale, infinite as it may be, is perhaps not the least 
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striking feature in the explanation of nature. It is not 
like putting an elephant upon a tortoise, and leaving the 
tortoise to stand upon an elephant, for we put the tortoise 
upon something simpler than the elephant or itself. The 
ultimate basis is lost in the series, but the recognition of 
the series, or of the chain connecting the separate links, is 
as scientific a procedure, as a scientific procedure can be. 
It may be said no doubt that the evidence does not prove 
conclusively that the view we take of the existence of these 
smaller units is correct. This may be true; we only claim 
that the facts have led us to postulate this, not merely as 
a working hypothesis, but even as the most probable solu-
tion. 
To Herbert Spencer the recognition of this endless 
chain which loses itself in infinity, or the unknowable, as 
he unwisely called it, was a necessary postulate or axiom. 
It only required to be stated that it might be perceived 
as true. 
His whole system of philosophy rested upon that idea; 
fabric in mid-air as it may seem to be, it represents what 
appears to be the most scientific and philosophic aspect of 
Nature. 
But Spencer nevertheless did not enter into the ques-
tion from exactly the same point of view. The theory of 
natural selection in inorganic matter, nor the applicability 
of monadology to it, does not appear to have entered his 
mind. The idea of physiological units elements of life stuff 
is however due to him. Our system is an attempt to show 
that materialism as understood now-a-days and idealism 
as understood by Leibnitz, though perhaps in a slightly 
modified form, are not merely not incompatible with one 
another, but that viewed from a higher standpoint poly-
mism and monism are but different aspects of the same 
thing; for unity and plurality are everywhere conditions of 
reality. 
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The more closely we examine the nature of continuity 
the more clearly does it appear that it is everywhere of the 
nature of a plurality but that in the limit, in order that 
there should be such a thing as continuity, there is unity. 
This is illustrated in the case of space and time; it is also 
manifest in the case of motion and indeed in all instances 
of continuity in nature. 
Now it is not always recognized in dealing with small 
physical quantities; for the physicist generally thinks of the 
smallest unit he has obtained, the electron, as the smallest 
in creation. 
To my mind the idea seems, I shall not say absurd, but 
certainly narrow, and to put a limitation to what obviously 
has none. The assumption that we have realized the limit 
of smallness in the limits of experimental methods is cer-
tainly absurd. It must not however for a moment be sup-
posed that we are thus rejecting the atomic constitution of 
nature; but merely emphasizing that atoms are merely 
lumps of smaller things, these may be elements of the ether, 
it matters not what, but doubtless in their turn aggregates 
of something else much smaller still, ad infinitum. 
Here it will no doubt be pointed out that the principle 
of continuity when applied in this way is equivalent to the 
ancient maxim that nature abhors a vacuum. That is no 
doubt true. It all depends upon what is meant by a 
vacuum. The ancients did not mean the absence of chem-
ical atoms, for they knew nothing about them; but the 
absence of all or any substance whatever. It is here I 
think those who have thought out the matter will find that 
the principle of continuity of substance as worked out by 
Leibnitz still holds good. 
That great philosopher, mathematician, statesman and 
man of the world saw things in a true light. His per-
spective was not distorted by the refracting air of academic 
life. He lived in a purer and nobler atmosphere: indeed 
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some said he lived in an intellectual balloon, so wide was 
his view of the world. His knowledge was so varied, his 
correspondence with the learned in every land so great 
that he was said to be an academy in himself. There was 
some truth in the statement. He stood alone and yet 
worked in harmony with the world. Everywhere he left 
the impression of intellect and character, which as some 
of his contemporaries found to their discredit, would stand 
the test of time. 
When we come to consider his theory of monads, we 
may apply to them the principle of natural selection, or the 
process of sifting out the best adapted types, instead of 
assuming the principle of pre-established harmony which 
he accepts because the theory of evolution would doubtless 
have been foreign to his mind. 
Now in the light of these considerations, evolution on 
Darwinian lines, in inorganic matter, is as much a neces-
sary fact as that in the organic. In truth, life exists as 
much in one as in the other and the difference is only a 
question of degree. 
The anatomist and physiologist no doubt maintain that 
the properties we ascribe to monads are merely in the 
phronetal cells in the cortex of the brain; the phronema 
supposed to be the organ of thought. But this really does 
not affect the question. Not more so indeed than that the 
eye is the organ of vision, the ear the organ of hearing, 
or the nose the organ of smell. These bear the same rela-
tion to the conscious unit which we call the soul, that, to 
take an old analogy, a piano does to the player. The 
analogy is as good as it is ancient. When the mechanism 
of the piano is destroyed, or the ear injured, there is no 
further music, and though consciousness and its potential 
properties are there, they do not combine to produce the 
beautiful combinations of thought through the instrument 
of the piano and the brain. This is old, very old, but I 
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think not on that account less true; and it is the view now 
held by some of the most eminent psychologists, notably 
by Mr. William James. 
The extraordinary innate qualities in the embryonic 
cell are as I think beyond all doubt clear to infra-molecular 
arrangements. It is for this amongst other reasons that 
I have applied the doctrine of natural selection to atoms. 
But it was more so on account of the psychological devel-
opments that I have found it still more imperative to as-
sume the elements of mind in the ultimate nuclei; the 
monads of our being which constitute ourselves. 
I have in making that assumption formulated the at-
tributes which tend to separate, as by a gulf, the phe-
nomena of mind and matter. I have tried to impress once 
more the monism of that apparent dualism. To emphasize, 
for it needed emphasis, that mind is matter and matter 
mind. But for all that, the mystery of both still remains 
where it was, the inconceivable, impenetrable, source and 
nucleus of our being, which lies hidden for ever from us. 
I can find in that remote immutable and distant origin 
which loses itself in infinity of space as well as of time the 
only origin not merely of life but of mind. And I therefore 
ask you to find in it, insoluble though it may be. the key 
to the only true solution. Let us pause and think awhile 
of what it all means. 
It is the most consistent theory of germ plasm, the 
substance which contains the elements of consciousness 
as well as of vitality. It gives to psychology what belonged 
to physics, and to biology what once belonged to both. 
It attributes to matter the consciousness which we have 
always ascribed to mind; and it destroys matter because 
it shows everything is mind. But it brings biology with-
in the realm of physics, or physics within the realm 
of biology: and therein, perhaps, does its scientific value 
mainly rest. It gives to molecular physics a new aspect 
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for it implies and even demands that atoms and molecules 
are thinking and alive. It is not so fantastic as to be un-
founded, nor so far-fetched as to be without use. In a 
word, it enables us to see the unity and plurality of nature 
as one consistent and harmonious whole. 
In the doctrine of organic evolution there is much that 
lies unexplained; partly because biologists have confined 
themselves to biology, physicists to physics and psychol-
ogists to psychology. With us the special ground has been 
the disputed territory between them. In science and phi-
losophy we need no Venezuelan arbitrators to decide on the 
dividing lines between these grounds of knowledge. In 
days I hope now gone by, though even in that case not so 
very long ago, the narrow provinces of each branch of 
knowledge have been zealously if not jealously guarded 
by each of the professors in his own department. These 
have long been supposed to stand apart like so many sep-
arate houses, or if we will, so many water-tight compart-
ments. The less leakage there was, the less communication 
between the separate compartments; the more they stood 
apart, the less they saw of each other; the less they knew 
of each other's work, the better it was held to be, for them-
selves as well as others. But that remote egotism, that 
isolation could not last for ever. As work advances the 
question must arise, whose territory is this and whose is 
that? That which I am trespassing, is it yours or mine? 
Though no traveler may have passed through it and left 
his country's flag, the question must be answered to the 
satisfaction of one or the other, or of both. If in this 
adventurous quest, beyond the narrow limits of our own 
recognized ground, we have found aught that was new or 
stimulating, we can only say that we hope it will be con-
ceded to be within the scope of more sciences than one. 
We can only hope that if there is diversity so also let there 
be unity. 
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The theory of evolution requires to be viewed from 
more aspects than one. And in so doing it can be per-
ceived to be the one principle that regulates the develop-
ment of mind as well as that of matter. 
Those difficulties in organic evolution thus seem to 
imply evolution in inorganic matter, what I might now call 
mind stuff—and to be surmounted by it. Inert matter has 
in truth more life than has yet been ascribed to it. It is 
by a process of sifting out, or in other words by natural 
selection, that life as we know it and mind as we know it 
have been evolved. The evolution is in the assortment of 
monads. The integration and disintegration are from the 
simple to the many and from the many to the simple. The 
tendency throughout nature is towards harmony, but there 
does not appear to have been pre-established harmony as 
Leibnitz has supposed. Nay, rather everything seems to 
have been "higgledy-piggledy" and to be gradually settling 
down. Where there is harmony amongst monads there is 
good; where there is discord there is evil. The evolution 
of monads is on the whole towards harmony, and the pur-
pose of the universe towards good; whilst their struggle 
for supremacy in their ultimate form constitutes the origin 
not only of life as we know it, but perhaps of evil as we 
know it too. And with the poet of Buddhism may even the 
rude believer in materialism exclaim: 
"Behold, I show you Truth I Lower than hell, 
Higher than heaven, outside the utmost stars, 
Further than Brahm doth dwell, 
Before beginning and without end 
As space eternal and as surety sure, 
Is fixed a Power divine which moves to good 
Only its laws endure." 
JOHN BUTLER BURKE. 
LONDON, England. 
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